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Extracellular matrices contain several types of proteoglycans, having side-chains of chondroitin sulphate/ dermatan sulphate in common. There are two major groups of these proteoglycans. In one group, the molecules have molecular masses in the order of millions and have extended core proteins of about 4000 nm [ l ] with a high M, of about 200000 [2, 31 . The proteoglycans in the other group have molecular masses of about 100000 and the globular core protein has an apparent M, of about 45 000 [4] .
Large uggregatirrg proteoglycatrs
There appear to exist at least three types of the large core proteins. The one in cartilage proteoglycans appears unique for this tissue. Fibrous tissues contain one type of similar large proteoglycans and the intima or aorta and muscle contains a third, somewhat more distinct, large proteoglycan. The different core proteins of the three proteoglycans have some structural features in common [ 11. They all contain one globular domain in their C-terminal end [I] , which differs somewhat in character between proteoglycans of this class. The one in cartilage proteoglycans appear to be rather conserved between molecules from chicken, rat and bovine sources and shows sequence similarity with a liver lectin (see IS]) and also with the C-terminal globular domain in fibroblast proteoglycans [6] . All three types of large proteoglycans have a globular protein domain in the N-terminus that has the capacity to specifically interact with hyaluronate. This allows for formation of large aggregates containing several monomers -schematically depicted in Fig. 1 .
While the proteoglycans from aorta and muscle contain only one detectable globular domain in each end [ 1, 71, those from cartilage and those from fibrous tissues contain a second globular domain close to the N-terminus [I] . The sequence of this domain in cartilage proteoglycans shows extensive sequence similarity with the hyaluronate-binding N-terminal globular structure [2] , although it does not bind to hyaluronate [8] .
The remaining part of the core protein of the proteoglycans represents the extended portion containing the glycosaminoglycan chains. This portion shows differences between the molecules in the three groups 141. Thus, spacing of glycosaminoglycan chains, their distribution to different regions along the core protein and the size and character of the side-chains differ between the three groups [ 1, 41, and also within the groups between species. Thus the protcoglycans from cartilage, although apparently specific for this tissue, show differences between species. Typically, those from rat contain no, or very small amounts, of keratan sulphate compared with those from larger mammals like cow and man (see 191). At the protein level this depends on the presence of a region of a hexapeptide repeated 23 times in the proteoglycans [ 101. This domain is not present in the proteoglycans from rat, apparently a result of differences at the gene level [lo] . The 23 repeat structures are shown in Fig. 2 .
The major part of the core protein carrying the chondroitin sulphate side-chains contains two types of repeat structures 12, 5 , 101 and altogether constitutes about half of the above 2200 amino acids [2] . The chondroitin sulphate side-chains are attached to Ser-Gly dipeptides. Thus, about half of the chains, in the C-terminal-half of the core protein are distributed in clusters each made up of seven consecutive units of a ten amino acid repeat structure IS]. The other half of the chains are located in longer repeat structures, showing some difference between species with some 60n/n conserved residues [2, 101.
The side-chains in the other two types of large aggregating proteoglycans are considerably more sparsely distributed along the core protein as viewed by electron microscopy [ 11. Only limited sequence data on one of these structural proteoglycans has presently been published [ 61.
Although available data indicate that the large proteoglycans in cartilage are secreted as one class of molecules [lo], at least two rather polydisperse populations can be isolated from the tissue 131. One population appears to be formed by partial proteolytic degradation from the Cterminal end of the proteoglycans. The fragments carrying the hyaluronate binding region are retained in the tissue bound in proteoglycan aggregates, while the C-terminal fragments appear to be lost from the tissue. Thus, the proteoglycans in the tissue are polydisperse primarily as a result of a slowly progressive proteolysis in the cartilage.
Small proteoglycans
A group of interstitial proteoglycans with distinctly different character are much smaller, with core proteins of M , around 30 000-40 000. These core proteins share structural features, but do represent different gene products [4] . They are substituted near their N-terminus with either one or two side-chains of dermatan sulphate or chondroitin sulphate, depending on the type of proteoglycan and the tissue of origin [4, 11, 121. Two types of these proteoglycans from a bovine source have been cloned and sequenced [ 12-141. They show extensive sequence similarity, containing the same number of conserved cysteine residues. One of these proteoglycans (PG-S 1) contains two side-chains in the Nterminal region attached at typical Ser-Gly sequences, while the other proteoglycan (decorin) [ 151 contains only one sidechain attached close to the N-terminus. A related and very similar ubiquitous matrix protein, fibromodulin, initially isolated from articular cartilage [I 61, contains keratan sulphate attached at site(s) different from the N-terminal glycosaminoglycan-binding sites of the other two members of this group of molecules [14] . This protein contains no Ser-Gly sequence in its N-terminal portion. It is interesting to note, however, that this region in fibromodulin contains a tyrosinerich structure characteristic of sulphate tyrosine residues. In preliminary experiments, we could indeed show that the protein isolated by immunoprecipitation from fibroblasts labelled with [%]sulphate contained the radiolabel in a position apparently different from keratan sulphate, probably representing a tyrosine sulphate domain (P. Antonsson [12] [13] [14] . Furthermore, these proteoglycans have been isolated from other tissues like sclera, intima of aorta, cornea and tendon [4] . Patterns of tryptic peptides can be used to identify the proteoglycans (Fig. 3 ) and also to demonstrate minor modifications of the two types of patterns, probably a result of different substitution with carbohydrate side-chain substituents. In particular, the decorin proteoglycan from bone and cornea, although showing a tryptic ~7 1 . j j 1 1 1 1 1 1 1 L I 
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peptide pattern similar to the other molecules of this class, also exhibits some differences in cleavage patterns (Fig. 3 ).
There are other differences also between the side-chain substituents of the small proteoglycans. Decorin isolated from adult bovine bone and bovine nasal cartilage is substituted with a chondroitin sulphate chain. The molecule from cornea contains a dermatan sulphate chain with a low degree of epimerization with iduronate (see [4] ), while the proteoglycans from sclera, tendon, articular cartilage and skin contain a dermatan sulphate chain with a high degree of epirnerization with iduronate. The two side-chain class of small proteoglycans, when isolated from nasal cartilage, contain chondroitin sulphate chains, while the one isolated from the intima of aorta contains highly epimerized, iduronaterich dermatan sulphate chains 141.
Thus, one type of protein core of these small proteoglycans may be substituted with chondroitin sulphate or dermatan sulphate side-chains depending on the tissue of origin. From these results, it appears that the signal for a specific type of side-chain does not depend on the core protein. It is possible that this regulation depends on availability of the epimerase in different cells.
C'onclnding remarks
During the last few years our knowledge of the structure of the protein core of proteoglycans in the extracellular matrix has rapidly expanded. Thus, the primary sequence of several distinct, typical core proteins has been determined. Future work should be focused on establishing the functions of the proteoglycans. Although it is quite clear that a major function of the large proteoglycans is to provide resistance to load, the presence of keratan sulphate chains remains an enigma. It is of particular interest that the domain of the protein core containing the major proportion of these chains is not present in rat, while proteoglycans from human and bovine cartilage contains this domain.
The functions of the small proteoglycans are not clear, although decorin appears to have a role in regulating collagen fibrillogenesis. Several attempts to identify an interaction of the structurally related two side-chain small proteoglycans have been negative. This is surprising in view of the fact that fibromodulin, a protein structurally closely related to these proteoglycans, like decorin binds to collagen.
At present our understanding of the function of the sidechain(s) is limited. It is possible that an improved knowledge of the regulation of the synthesis of a specific type of these glycosaminoglycan side-chains will provide some clues to and in understanding their function.
Hyaline articular cartilage, the joint bearing, is one of the least expendable components of diarthrodial joints. It is not surprising, therefore, that osteoarthritis -a condition where changes in articular cartilage are one o f its striking featuresis a common cause of impairment of joint function. Prior concepts of the condition, as primarily an age-related degenerative process, have had to be modified to a more dynamic perception in the light of increasing data on the structure and function and reparative capacity of hyaline articular cartilage. As the pathological process. especially during its incipient phase, remains unclear, all definitions to date must be regarded as somewhat incomplete. A recent definition of the condition by the American Rheumatism Association is as follows 'a heterogenous (sic) group of conditions that lead to joint symptoms and signs which are associated with defective integrity of cartilage. in addition to the related changes in underlying bone and at the joint margin' [ I ] . The presence o f a number o f factors acting singly or in concert is presently the accepted hypothesis of the osteoarthritis disease process (see Fig. 1 ).
Clinically. the patient presents with joint pains, stiffness and impairment of function. As hyaline articular cartilagc is aneural. the source of the joint pain is likely t o be a reaction in the innervated subchondral bone and the pcriarticular tissues. Considerable disparity exists between clinical signs and radiological evidence of structural joint disease. Radiographic evidence of osteoarthritis in weight-bearing joints in the population over 40 years. but with relatively few symptoms, is not an uncommon finding [ 21. Osteochondral proliferation at the joint margin (e.g. Herberden's Nodes). a finding considered typical of osteoarthritis, develops in the absence of symptoms in up to 50% of patients. Reliable noninvasive techniques that will identify and permit study of joint changes during the early phase of the disease should advance our understanding of the pathophysiology and natural history of the disease process.
